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ABSTRACT 

This article examines how electric mobility systems are engineered, governed, and institutionalized as 

infrastructures for sustainable transport transformation and socio-economic development. Using a 

comparative engineering systems analysis of Norway and China, the study argues that electric vehicle 

transition cannot be explained by vehicle adoption alone; it depends on interactions among battery 

technologies, charging networks, electricity systems, fiscal incentives, industrial policy, data platforms, grid 

integration, consumer behavior, and regulatory governance. Norway represents a demand-side electrification 

model characterized by high electric vehicle market penetration, fiscal incentives, public charging expansion, 

renewable electricity supply, and coordinated user adoption policies. China represents an integrated 

industrial ecosystem model characterized by large-scale electric vehicle manufacturing, battery supply 

chains, charging infrastructure, digital platforms, state-directed industrial policy, and rapidly growing 

domestic demand. The findings indicate that Norway demonstrates how stable incentives and infrastructure 

coordination can accelerate consumer adoption, while China demonstrates how manufacturing scale, battery 

innovation, and infrastructure deployment can transform industrial competitiveness. However, Norway faces 

charging congestion, grid-load management, and fiscal transition challenges, while China faces regional 

infrastructure inequality, battery material pressure, market consolidation, and lifecycle sustainability 

constraints. The article contributes to science and engineering scholarship by developing a conceptual model 
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linking electric mobility architecture, technological integration, governance capacity, sustainability 

performance, and socio-economic resilience.. 

Keywords: electric vehicles; intelligent transportation systems; charging infrastructure; battery technology; transport 

electrification; Norway; China; sustainable mobility; engineering governance; industrial innovation; smart grids 

 

INTRODUCTION 

  Transport electrification has become one of the most visible technological transformations in 

contemporary engineering and industrial systems. Electric vehicles, charging networks, lithium-ion batteries, 

power electronics, battery management systems, vehicle-to-grid technologies, digital mobility platforms, and 

renewable electricity integration are reshaping the relationship between transportation, energy, manufacturing, 

urban infrastructure, and environmental governance. The electric vehicle transition is often measured by sales 

figures or market share, but such indicators capture only one dimension of a much larger socio-technical 

system. The deeper engineering challenge is to build reliable, affordable, interoperable, low-carbon, and 

scalable electric mobility ecosystems that can replace internal combustion vehicle systems without reproducing 

new forms of material dependency, infrastructure inequality, or grid instability. 

  This study argues that electric mobility should be analyzed as an integrated engineering-governance 

system rather than as a vehicle technology transition alone. Electric mobility requires simultaneous innovation 

in electrochemistry, mechanical engineering, power systems, software, thermal management, urban planning, 

industrial production, charging logistics, battery recycling, regulatory design, and consumer behavior. A battery 

electric vehicle is not simply an automobile with a different drivetrain; it is a mobile electrochemical storage 

asset connected to electricity networks, digital platforms, mineral supply chains, public infrastructure, and 

environmental policy. Therefore, the sustainability and development effects of electric mobility depend on the 

architecture of the whole system. 

  The global context shows rapid acceleration. The International Energy Agency reported that global 

electric car sales neared 14 million in 2023, representing around 18 percent of all cars sold, up from 14 percent 

in 2022 and only 2 percent in 2018 (IEA, 2024). The IEA’s 2025 outlook reports that electric car sales 

exceeded 17 million in 2024, reaching more than 20 percent of global car sales, while China sold more than 11 

million electric cars and accounted for almost half of its domestic car sales (IEA, 2025). These figures show 

that electric mobility has moved from early adoption into mass-market transformation. Yet the transition 

remains uneven across countries, vehicle segments, cities, income groups, and infrastructure systems. 

  Norway and China provide analytically significant comparative cases because both are global leaders 

in electric mobility but represent radically different transition pathways. Norway is a small, high-income 

economy with exceptionally high electric vehicle adoption. In 2024, fully electric cars accounted for 88.9 

percent of new passenger car sales in Norway, making it one of the closest national markets to full new-car 

electrification (Reuters, 2025). Norway’s success is widely associated with fiscal incentives, exemption from 
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value-added tax and purchase taxes, access advantages, charging infrastructure, public legitimacy, and 

relatively low-carbon electricity supply. It represents a demand-side electrification model in which consumer 

adoption has been accelerated by stable policy incentives and infrastructure readiness. 

  China is a continental-scale manufacturing and mobility system. It has become the world’s largest 

electric vehicle market and a dominant producer of batteries, electric buses, electric trucks, charging equipment, 

and digital vehicle platforms. The IEA reports that China sold more than 11 million electric cars in 2024, more 

than the world sold only two years earlier, with electric cars accounting for almost half of Chinese car sales 

(IEA, 2025). China’s model is not only a consumer adoption story. It is an integrated industrial ecosystem 

strategy involving battery supply chains, vehicle manufacturing, industrial policy, urban charging networks, 

digital platforms, export expansion, and competition among domestic manufacturers. 

  The academic and policy problem is that electric mobility scholarship often remains divided among 

technical vehicle studies, battery research, charging infrastructure analysis, transport policy, industrial strategy, 

and sustainability assessment. Engineering studies frequently examine battery degradation, charging 

optimization, grid impacts, vehicle efficiency, and thermal management without sufficiently analyzing 

institutional governance. Policy studies examine incentives and regulations but often under-specify the 

technological mechanisms through which incentives become system performance. Industrial studies focus on 

market competition and supply chains but often under-analyze charging-grid integration and lifecycle 

sustainability. As a result, current scholarship does not adequately explain how engineering systems, 

governance structures, and industrial ecosystems interact to produce electric mobility outcomes. 

  The scientific foundations of electric mobility are rooted in electrochemical energy storage, power 

electronics, control systems, vehicle dynamics, materials science, thermal engineering, electrical grid 

engineering, and transport systems modeling. Lithium-ion batteries store and release energy through reversible 

electrochemical reactions, requiring careful management of temperature, voltage, current, degradation, and 

safety (Dunn et al., 2011; Nitta et al., 2015). Battery management systems monitor state of charge, state of 

health, thermal conditions, and cell balancing. Power electronics convert and control electrical energy between 

battery, motor, charger, and grid. Charging infrastructure requires electrical distribution capacity, 

communication protocols, payment systems, load management, and safety standards. These scientific principles 

show that electric mobility is inherently an energy-transport integration problem. 

  While previous studies emphasize the technological efficiency of electric drivetrains, other scholars 

argue that mobility transitions depend on socio-technical regimes, user practices, infrastructure, institutions, and 

policy coordination. Geels (2020) shows that sustainability transitions involve interactions among technologies, 

markets, institutions, users, and cultural meanings. Sovacool et al. (2020) emphasize that low-carbon transitions 

involve justice, political economy, and infrastructure acceptance. Kitchin (2021) highlights the governance 

implications of digital data systems, which are increasingly relevant to connected vehicles and charging 

platforms. These perspectives suggest that electric mobility systems must be evaluated not only by battery 

efficiency or sales growth but by institutional interoperability, equity, environmental lifecycle effects, and 
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industrial development. 

  Existing literature remains limited in six respects. First, there is a theoretical gap in explaining electric 

mobility as a coupled engineering-governance-industrial system. Second, there is an empirical gap in 

comparing a near-complete consumer adoption model with a manufacturing-led ecosystem model. Third, there 

is a comparative gap because Norway and China are frequently discussed as EV leaders but rarely analyzed 

through a unified engineering systems framework. Fourth, there is a technological governance gap in 

understanding how fiscal incentives, industrial policy, charging standards, grid regulation, and data platforms 

affect engineering implementation. Fifth, there is an industrial implementation gap in explaining how domestic 

manufacturing ecosystems interact with transport decarbonization. Sixth, there is a sustainability gap in linking 

emissions reduction, battery material flows, recycling, grid impacts, and socio-economic resilience. 

  This article addresses these gaps by comparing Norway’s demand-side electric mobility model and 

China’s integrated EV industrial ecosystem. The novelty lies in treating electric mobility transition as a multi-

layered engineering system involving vehicles, batteries, charging infrastructure, electricity grids, digital 

systems, industrial policy, and user adoption. Unlike studies that focus only on EV market share or battery 

technology, this article examines the causal mechanisms through which technological governance affects 

transport decarbonization and economic development. Unlike general policy analyses, it identifies the 

engineering constraints that determine whether EV adoption becomes systemically sustainable. 

  The analytical framework developed here links engineering governance to sustainable mobility 

development through the following causal sequence: electric mobility architecture → technological 

integration → user and industrial adoption → sustainability performance → socio-economic resilience. 

Electric mobility architecture includes vehicle technologies, battery systems, charging networks, grid interfaces, 

digital platforms, standards, and supply chains. Technological integration refers to interoperability among 

vehicles, chargers, grids, software, payment systems, and energy markets. User and industrial adoption refers to 

consumer behavior, fleet electrification, manufacturing scale, logistics integration, and business models. 

Sustainability performance includes lifecycle emissions reduction, energy efficiency, battery recycling, grid 

decarbonization, and material circularity. Socio-economic resilience includes energy security, industrial 

competitiveness, urban air quality, green employment, technological sovereignty, and inclusive mobility. 

  The research objective is to explain how Norway and China’s contrasting electric mobility models 

shape technological implementation and to identify the causal mechanisms through which engineering 

governance influences transport decarbonization, industrial innovation, sustainability performance, and socio-

economic development. 
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METHODOLOGY 

  This study employs comparative engineering systems analysis combined with socio-technical 

transition analysis, techno-economic interpretation, and technological governance analysis. The research 

design follows a most-different systems comparison: Norway and China differ sharply in population size, 

industrial structure, political economy, vehicle market scale, electricity demand, manufacturing capacity, 

urban form, and governance architecture, yet both are leading electric mobility cases whose experiences reveal 

different mechanisms of EV transition. Norway is selected as a demand-side electrification case because it has 

achieved exceptionally high electric passenger car market penetration through consumer incentives, tax 

design, charging infrastructure, public legitimacy, and relatively clean electricity supply. China is selected as 

an integrated EV industrial ecosystem case because it combines large-scale vehicle production, battery 

manufacturing, charging infrastructure deployment, digital mobility platforms, industrial policy, and mass-

market adoption. The unit of analysis is the national electric mobility system, defined as the configuration of 

vehicle technologies, battery systems, charging infrastructure, electricity-grid interfaces, policy instruments, 

industrial actors, data platforms, and user adoption pathways through which transport electrification is 

operationalized. 

  The empirical base consists of IEA Global EV Outlook reports, national transport and energy policy 

documents, electric vehicle market statistics, charging infrastructure indicators, battery and mobility literature, 

OECD and World Bank transport and innovation reports, and peer-reviewed research on electric vehicles, 

battery systems, charging optimization, smart grids, lifecycle assessment, and socio-technical transitions. The 

analysis applies structured focused comparison across technological variables including EV penetration, 

battery supply chains, charging infrastructure density, grid integration, charging standards, vehicle-to-grid 

readiness, lifecycle emissions, recycling capacity, fiscal incentives, industrial policy, digital platforms, and 

equity of access. Process tracing is used to identify causal mechanisms linking engineering governance to 

adoption outcomes, grid impacts, and sustainability performance. Reliability is strengthened through 

triangulation across international datasets, government reports, industry records, and scientific literature. No 

interview data or proprietary company datasets are used, and no fabricated field evidence is introduced. Ethical 

and sustainability considerations include responsible interpretation of public statistics, battery mineral justice, 

recycling obligations, cybersecurity, data privacy, distributional access to charging, and the limitations of 

comparing a small high-income market with a continental-scale manufacturing economy. The study is limited 

by uneven availability of comparable real-time charging and lifecycle data, but it provides a rigorous 

analytical framework for understanding electric mobility as a governance-mediated engineering transition. 

 

Findings and Discussion 

1. Electric Mobility Architecture: Demand-Side Electrification versus Integrated Industrial Ecosystem 

  The first finding is that Norway and China represent two different electric mobility architectures. 

Norway’s system is built around demand-side adoption. Its core architecture combines tax incentives, 

consumer purchase advantages, public charging expansion, renewable electricity, local access benefits, and 
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strong public acceptance. Norway’s policy environment reduced the total cost of ownership for EVs and made 

electric cars socially normal. Its engineering challenge has shifted from adoption stimulation to charging 

reliability, grid integration, rural access, and managing a nearly electric new-car market. 

  China’s system is built around integrated industrial scale. Its architecture combines battery production, 

vehicle manufacturing, charging infrastructure, digital platforms, urban fleet electrification, export 

competitiveness, and state-supported industrial policy. China’s EV transition is not only a substitution of 

internal combustion vehicles with electric drivetrains; it is a restructuring of automotive manufacturing, 

battery supply chains, software-defined vehicles, charging ecosystems, and industrial competition. The IEA 

reports that China sold over 11 million electric cars in 2024, and electric cars accounted for almost half of all 

cars sold in the country (IEA, 2025). This scale gives China advantages in learning curves, cost reduction, 

platform integration, and supplier ecosystems. 

  The comparison reveals that EV transition can be driven by either market adoption governance or 

industrial ecosystem governance. Norway demonstrates that stable demand incentives can rapidly transform 

consumer choice when infrastructure and electricity conditions are favorable. China demonstrates that 

production scale, battery innovation, and domestic competition can transform both consumer markets and 

global industrial structures. Norway’s model is adoption-intensive; China’s model is production-and-adoption 

intensive. 

  The causal technological mechanism in Norway is incentive-to-adoption conversion. Fiscal incentives 

reduce purchase cost; charging infrastructure reduces range anxiety; renewable electricity strengthens 

environmental legitimacy; access benefits improve user convenience; and network effects normalize EV 

ownership. The mechanism in China is scale-to-innovation conversion. Industrial policy supports production; 

competition reduces prices; battery supply chains lower costs; charging infrastructure expands usability; 

digital platforms improve user experience; and export markets reinforce manufacturing capability. 

  This finding contributes to socio-technical transition theory by showing that electric mobility 

transitions can follow different regime-change pathways. Geels (2020) emphasizes that transitions involve 

interactions among technologies, policies, markets, and user practices. Norway’s pathway changed user 

practices first, while China’s pathway simultaneously changed industrial production and user markets. This 

distinction matters because policies that work in Norway may not be sufficient in countries lacking fiscal 

capacity, renewable electricity, or high consumer purchasing power. Policies that work in China may not be 

transferable to countries lacking manufacturing scale, state coordination, or domestic battery supply chains. 

  The engineering implication is that EV transition must be evaluated through system architecture rather 

than adoption rates alone. A country may reach high EV sales without building a domestic EV industry. 

Another country may build a strong EV industry while still facing regional charging inequalities. The 

sustainability implication is similar: EVs reduce emissions only when electricity is sufficiently decarbonized 

and batteries are responsibly produced, used, and recycled. Therefore, electric mobility architecture must 

connect vehicle engineering with energy systems, infrastructure planning, and industrial ecology. 

2. Battery Technologies, Supply Chains, and Lifecycle Engineering 
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The second finding concerns batteries. Battery systems are the core enabling technology of electric mobility, 

determining range, cost, charging speed, safety, lifecycle emissions, and recycling needs. Norway and China 

differ sharply in their battery-system roles. Norway is primarily a battery user and emerging battery recycling 

and infrastructure market. China is a battery producer, technology developer, raw-material processor, vehicle 

integrator, and global exporter. 

  China’s battery ecosystem is central to its EV leadership. Large-scale production of lithium iron 

phosphate and nickel-manganese-cobalt batteries has supported cost reduction and mass adoption. LFP 

chemistry has become particularly important because it reduces reliance on nickel and cobalt, offers strong 

cycle life and thermal stability, and supports lower-cost vehicles. China’s battery firms have also advanced 

cell-to-pack designs, fast-charging technologies, sodium-ion development, and battery swapping in selected 

applications. This technological diversity reinforces China’s industrial position. 

  Norway’s battery challenge is different. Because Norway imports most vehicles and batteries, its 

governance focus is lifecycle sustainability, charging behavior, grid impacts, battery reuse, recycling, and end-

of-life regulation. High EV penetration means that Norway will increasingly face large volumes of used 

batteries. This creates opportunities for second-life storage, recycling industries, and circular material 

recovery. However, lifecycle sustainability depends on international supply chains because battery minerals 

are extracted and processed globally. 

  The causal mechanism is electrochemical-to-system performance conversion. Battery chemistry 

determines energy density, cost, thermal stability, degradation, charging rate, and material composition. 

Battery management systems translate cell behavior into safe vehicle performance. Charging infrastructure 

affects battery stress and user convenience. Recycling systems determine material recovery and lifecycle 

environmental impact. Therefore, battery governance must address the full lifecycle from mining and 

processing to manufacturing, use, reuse, and recycling. 

  The comparison reveals that battery governance is both technical and geopolitical. China’s integration 

across battery supply chains provides cost and industrial advantages but raises concerns about material 

concentration, environmental impacts, and global dependency. Norway’s high adoption reduces operational 

emissions but depends on battery supply chains beyond its borders. This creates a sustainability accounting 

challenge: national EV use may be low-carbon domestically while upstream emissions and material impacts 

occur elsewhere. 

  This finding aligns with lifecycle assessment literature showing that EV emissions depend on battery 

production, electricity mix, vehicle efficiency, lifetime mileage, and recycling (Hawkins et al., 2013; Peters et 

al., 2021). It also aligns with IEA analysis that EVs provide substantial emissions benefits over their lifecycle 

in most regions, but battery supply chains and recycling are increasingly important for sustainability (IEA, 

2024). The comparison adds that lifecycle engineering capacity differs by country position in the EV value 

chain. 

  The engineering governance implication is that battery policy should integrate chemistry innovation, 

durability standards, recycling obligations, safety regulation, data transparency, and second-life applications. 
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China must improve material circularity, environmental standards, battery traceability, and recycling 

scalability. Norway must strengthen battery end-of-life systems, grid-storage reuse, and consumer information 

about battery health. The development implication is that countries participating in EV transitions must decide 

whether they are merely import markets, manufacturing hubs, recycling centers, software providers, or full 

ecosystem actors. 

3. Charging Infrastructure, Grid Integration, and Intelligent Energy Coordination 

  The third finding concerns charging infrastructure and grid integration. Electric mobility transforms 

transport demand into electricity demand. Charging systems must therefore be analyzed as distributed energy 

infrastructure. They require electrical capacity, charging standards, communication protocols, grid connection, 

payment systems, cybersecurity, load management, and spatial planning. 

  Norway’s high EV adoption has made charging infrastructure a reliability and equity issue. Early 

incentives successfully stimulated EV demand, but mass adoption increases pressure on public fast charging, 

apartment charging, rural corridors, distribution grids, and winter performance. Norway’s relatively clean 

electricity supply strengthens EV climate benefits, but local grid constraints can emerge when many vehicles 

charge simultaneously. Smart charging, time-of-use tariffs, distribution network planning, and vehicle-to-grid 

experimentation are therefore increasingly important. 

  China’s charging challenge is scale and spatial distribution. Large cities have developed extensive 

charging networks, while rural and less affluent regions may lag. China has also deployed battery swapping in 

certain vehicle segments and fleets, especially taxis, ride-hailing vehicles, and commercial applications. 

Charging infrastructure is increasingly integrated with digital payment platforms, vehicle apps, and urban 

mobility services. However, grid impacts vary by region, and rapid EV adoption requires coordination among 

grid companies, charging operators, property developers, municipal governments, and vehicle manufacturers.  

  The causal mechanism is charging-to-grid coupling. EV charging creates flexible but potentially 

concentrated electricity loads. If unmanaged, charging can increase peak demand, overload distribution 

transformers, and require costly network upgrades. If intelligently managed, EVs can absorb renewable 

energy, reduce curtailment, provide demand response, and eventually support vehicle-to-grid services. The 

difference depends on smart charging algorithms, tariff design, interoperability standards, communication 

protocols, and consumer participation. 

  The cross-case comparison shows that charging infrastructure follows different logics. Norway’s 

challenge is quality and universal access in a mature adoption environment. China’s challenge is scale, 

platform coordination, and regional balance. Norway must optimize a high-EV system; China must coordinate 

a vast and fast-growing infrastructure ecosystem. Both need intelligent charging governance rather than simple 

charger-count expansion. 

  This finding extends smart grid literature by showing that EVs are mobile grid-edge assets. Farhangi 

(2010) framed smart grids as electricity networks enhanced by digital communication and control. EV 

integration expands this concept by adding millions of mobile storage devices whose charging behavior is 

shaped by travel patterns, electricity prices, battery states, weather, and infrastructure availability. The 
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engineering problem is not only installing chargers but coordinating charging with grid conditions and 

renewable energy. 

  The policy implication is that charging governance should integrate transport planning, electricity 

regulation, building codes, parking policy, digital payment systems, and data standards. Norway should 

prioritize smart charging, rural charging reliability, apartment access, and fiscal replacement strategies as EV 

tax exemptions become less sustainable. China should prioritize interoperability, regional infrastructure equity, 

charger utilization, grid coordination, and data transparency. The sustainability implication is that EV climate 

benefits improve when charging aligns with renewable electricity and avoids peak fossil generation. 

4. Digital Platforms, Vehicle Intelligence, and Mobility Data Governance 

  The fourth finding concerns digital platforms and vehicle intelligence. Electric vehicles increasingly 

operate as software-defined mobility devices. Battery management, navigation, charging route planning, over-

the-air updates, driver assistance, fleet management, payment systems, telematics, and predictive maintenance 

depend on data flows. Electric mobility is therefore also a digital systems transition. 

  China’s EV ecosystem is highly platform-intensive. Domestic manufacturers compete not only on 

battery range and price but also on software, infotainment, autonomous driving features, app integration, and 

digital services. Charging platforms allow users to locate chargers, pay digitally, monitor charging, and 

integrate mobility services. Fleet operators use telematics for energy management, dispatch, and maintenance. 

This digital ecosystem supports innovation but also raises concerns about data privacy, cybersecurity, platform 

concentration, and algorithmic control. 

  Norway’s digital mobility environment is less manufacturing-platform centered because most EVs are 

imported, but digital systems remain essential for charging access, route planning, electricity tariffs, public 

infrastructure, and user behavior. As EV adoption approaches saturation in new-car sales, the key digital 

challenge becomes system optimization rather than market persuasion. Charging data, grid data, vehicle data, 

and mobility data must be coordinated while protecting privacy and cybersecurity. 

  The causal mechanism is data-to-mobility optimization. Vehicles generate data on battery state, 

location, energy consumption, driving behavior, and charging needs. Charging networks generate data on 

charger availability, prices, failures, and demand. Electricity grids generate data on load, congestion, and 

renewable generation. Digital platforms combine these data to route drivers, manage charging, schedule fleet 

operations, and optimize energy use. When governance is weak, the same data flows can create privacy risks, 

cybersecurity vulnerabilities, exclusionary platform control, or consumer lock-in. 

  This finding supports Kitchin’s (2021) argument that data infrastructures shape governance and power 

relations. In electric mobility, data are not secondary to transport engineering; they are operationally central. 

Smart charging depends on data. Fleet electrification depends on data. Battery health assessment depends on 

data. Used EV markets depend on battery data transparency. Vehicle-to-grid depends on communication 

protocols. Therefore, data governance is an engineering requirement. 

  The comparison reveals different governance risks. China faces challenges associated with large 

integrated platforms, vehicle data regulation, and cybersecurity in a rapidly expanding market. Norway faces 
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challenges associated with interoperability among imported vehicles, charging networks, public systems, and 

grid operators. In both countries, electric mobility requires standards for charger communication, data privacy, 

cybersecurity, battery diagnostics, payment interoperability, and consumer transparency. 

  The development implication is that digital vehicle ecosystems can create new industrial capabilities 

in software, mobility services, charging management, battery analytics, and grid services. However, they may 

also increase dependency on proprietary platforms. Therefore, electric mobility governance should promote 

interoperability, open protocols, secure data exchange, and consumer rights. This is particularly important as 

EVs become integrated with autonomous driving, urban logistics, and distributed energy systems. 

5. Sustainability, Industrial Development, and Socio-Economic Resilience 

  The fifth finding links EV transition to sustainability and socio-economic development. Electric 

mobility contributes to sustainability by improving drivetrain efficiency, reducing tailpipe emissions, lowering 

urban air pollution, and enabling renewable electricity use. It contributes to development by creating industrial 

capabilities in batteries, vehicles, power electronics, software, charging infrastructure, recycling, and grid 

services. However, these benefits are conditional. 

  Norway’s sustainability pathway is demand-side decarbonization. Because its electricity system is 

largely low-carbon, EV adoption produces strong operational emissions benefits. Urban air quality improves 

as internal combustion vehicles decline. Consumer adoption also normalizes low-carbon behavior. However, 

Norway faces fiscal and distributional challenges because EV incentives reduce tax revenues traditionally 

associated with vehicle purchases and fuel use. As EVs become dominant, policy must shift from adoption 

incentives to sustainable road pricing, charging equity, battery lifecycle management, and public transport 

integration. 

  China’s sustainability pathway is industrial transformation and scale. EV manufacturing supports 

domestic innovation, export competitiveness, and oil-import reduction. Electrification of buses, taxis, trucks, 

and passenger cars can reduce urban pollution and oil demand. However, China’s lifecycle emissions depend 

heavily on the electricity mix, battery manufacturing energy, material supply chains, and recycling. As the grid 

decarbonizes, EV climate benefits will increase. Until then, EV transition must be coordinated with renewable 

energy deployment and power-sector reform. 

  The cross-case comparison shows that sustainability depends on alignment between transport 

electrification and energy transition. Norway benefits from low-carbon electricity but lacks large domestic EV 

manufacturing. China benefits from industrial scale but must continue decarbonizing electricity and material 

supply chains. Norway’s model is environmentally strong in use-phase emissions. China’s model is 

industrially strong in manufacturing transformation. A fully sustainable EV transition would combine low-

carbon electricity, responsible battery supply chains, smart charging, recycling, public transport integration, 

and industrial capability. 

  The causal development mechanism is mobility-system substitution. EVs replace internal combustion 

vehicles; charging replaces fueling; electricity replaces oil; batteries replace fuel tanks; digital platforms 

replace some service functions; and industrial value shifts from engines and fuel systems to batteries, software, 
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motors, power electronics, and energy services. This substitution creates winners, losers, new dependencies, 

and new capabilities. Countries that govern the transition strategically can improve energy security, reduce 

pollution, and build green industries. Countries that govern poorly may face infrastructure gaps, material 

dependency, grid stress, and inequitable access. 

  This finding aligns with innovation systems theory, which views technological development as an 

interaction among firms, research institutions, governments, users, and infrastructures (Lundvall, 1992; 

Nelson, 1993). It also supports socio-technical transition research showing that low-carbon transitions require 

changes in technology, institutions, markets, and user practices (Geels, 2020). The Norway–China comparison 

adds that EV transition can be driven by different combinations of consumer incentives and industrial 

ecosystems. 

  The sustainability policy implication is that EV strategies must move beyond sales targets. 

Governments should measure lifecycle emissions, charger reliability, grid impacts, recycling rates, battery 

durability, charging equity, public transport complementarity, and industrial learning. Norway should 

institutionalize post-incentive mobility governance. China should strengthen circular battery systems, grid 

decarbonization, and regional infrastructure equity. Both should treat electric mobility as part of a broader 

sustainable transport system rather than as a one-for-one vehicle replacement strategy. 

 

Table 1. Analytical Matrix of Comparative Science, Engineering and Technological Development 

Variable Case 1: 

Norway’s 

Demand-Side 

Electrificatio

n Model 

Case 2: 

China’s 

Integrated 

EV Industrial 

Ecosystem 

Empirical 

Evidence 

Analytical 

Interpretati

on 

Electric 

mobility 

architecture 

Consumer 

adoption 

model based 

on fiscal 

incentives, 

charging 

infrastructure, 

low-carbon 

electricity, 

and public 

legitimacy 

Integrated 

manufacturing 

ecosystem 

based on EV 

production, 

battery supply 

chains, 

charging 

networks, 

digital 

platforms, and 

industrial 

policy 

Norway 

reached 

88.9% fully 

electric 

new car 

sales in 

2024; 

China sold 

over 11 

million 

electric cars 

in 2024 

Norway 

demonstrates 

adoption 

acceleration; 

China 

demonstrates 

industrial 

ecosystem 

transformatio

n 

Core 

engineering 

challenge 

Charging 

reliability, 

grid-load 

management, 

rural access, 

apartment 

charging, 

battery 

lifecycle 

governance 

Battery 

manufacturing 

scale, charging 

deployment, 

regional 

infrastructure 

balance, grid 

coordination, 

lifecycle 

material 

IEA Global 

EV 

Outlook 

2024 and 

2025; 

national EV 

statistics 

Engineering 

constraints 

shift from 

vehicle 

adoption to 

system 

integration 
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management 

Battery 

system role 

Battery user 

market with 

growing 

importance of 

reuse, 

recycling, 

diagnostics, 

and lifecycle 

governance 

Battery 

producer and 

technology 

leader with 

large-scale 

cell, pack, 

chemistry, and 

supply-chain 

capabilities 

IEA EV 

and battery 

supply-

chain 

analyses 

Battery 

position in 

the value 

chain shapes 

sustainability 

and industrial 

benefits 

Charging 

infrastructu

re 

Mature 

charging 

system 

requiring 

optimization, 

interoperabilit

y, and 

equitable 

access 

Massive and 

rapidly 

expanding 

charging 

ecosystem 

requiring scale 

coordination 

and regional 

balance 

IEA and 

national 

infrastructu

re reports 

Charger 

counts alone 

are 

insufficient; 

utilization, 

reliability, 

grid 

integration, 

and access 

matter 

Grid 

integration 

Low-carbon 

electricity 

strengthens 

EV climate 

benefits; 

smart 

charging 

becomes 

increasingly 

important 

EV growth 

must be 

coordinated 

with power-

sector 

decarbonizatio

n, renewable 

integration, 

and 

distribution-

grid capacity 

IEA EV 

and energy 

transition 

data 

Transport 

electrificatio

n and grid 

modernizatio

n are 

interdepende

nt 

Digital 

platform 

governance 

Charging 

apps, route 

planning, grid 

data, 

consumer 

payment 

interoperabilit

y, and privacy 

protection 

Vehicle 

software 

ecosystems, 

charging 

platforms, 

telematics, 

fleet 

management, 

autonomous 

functions, and 

platform 

competition 

Smart 

mobility 

and EV 

platform 

literature 

EVs are 

digital 

mobility-

energy 

assets, 

requiring 

data 

governance 

and 

cybersecurity 

Sustainabilit

y 

implications 

Strong use-

phase 

emissions 

reduction, air-

quality 

benefits, but 

fiscal and 

lifecycle 

challenges 

Major oil-

displacement 

and industrial 

decarbonizatio

n potential, 

but material 

and 

electricity-mix 

constraints 

remain 

IEA 

lifecycle 

and EV 

market data 

Sustainability 

depends on 

electricity 

mix, battery 

lifecycle, 

infrastructure

, and modal 

integration 

Socio-

economic 

development 

Low-carbon 

mobility 

normalization, 

Global EV 

manufacturing 

leadership, 

IEA and 

innovation 

systems 

EV transition 

can produce 

development 
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outcome charging 

service 

economy, 

battery reuse 

potential, 

public-sector 

learning 

battery 

innovation, 

export 

capacity, 

green 

industrial 

employment 

literature benefits 

through 

different 

mechanisms: 

demand 

transformatio

n or 

industrial 

capability 

formation 

The table demonstrates that Norway and China represent two distinct electric mobility transition logics. 

Norway’s model shows that consumer adoption can be transformed rapidly through coherent fiscal incentives, 

infrastructure support, and low-carbon electricity. China’s model shows that electric mobility can become a 

strategic industrial ecosystem involving batteries, vehicles, software, charging systems, and exports. The 

comparison reveals that electric mobility cannot be evaluated solely by sales share. The critical analytical 

variables are battery lifecycle, charging reliability, grid integration, digital governance, industrial capability, 

and sustainability performance. 

The deeper interpretation is that EV transition is an engineering-governance chain. Battery technologies must 

be safe, durable, affordable, and recyclable. Vehicles must be efficient and user-acceptable. Chargers must be 

reliable, interoperable, and grid-aware. Electricity systems must decarbonize and manage new loads. Digital 

platforms must protect users and coordinate mobility-energy data. Policy must align consumer incentives with 

industrial and environmental objectives. When these components are aligned, EV transition can support 

decarbonization and development. When they are misaligned, EV adoption may create infrastructure stress, 

fiscal imbalance, lifecycle environmental burdens, or unequal access. 

 

Conceptual Model 

This article proposes the following conceptual model: 

Electric Mobility Architecture → Technological Integration → User and Industrial Adoption → 

Sustainability Performance → Socio-Economic Resilience 

Electric mobility architecture refers to the configuration of vehicles, batteries, chargers, grids, digital 

platforms, standards, supply chains, and policy instruments. Technological integration refers to interoperability 

among battery management systems, charging infrastructure, electricity networks, payment platforms, vehicle 

software, and mobility services. User and industrial adoption refers to consumer purchase behavior, fleet 

electrification, manufacturing scale, supplier development, charging utilization, and business-model formation. 

Sustainability performance refers to lifecycle emissions reduction, energy efficiency, battery circularity, grid 

decarbonization, air-quality improvement, and reduced oil dependence. Socio-economic resilience refers to 

energy security, industrial competitiveness, green employment, equitable mobility access, technological 

capability, and adaptive infrastructure. 

The model advances three theoretical propositions. 

Proposition 1: Electric vehicle adoption becomes systemically sustainable only when charging 
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infrastructure and electricity grids are governed as integrated engineering systems. 

High EV sales without smart charging, grid planning, and renewable electricity coordination can create 

congestion, peak-load stress, and uneven access. Norway’s mature adoption phase and China’s scale challenge 

both confirm that charging-grid integration is central. 

Proposition 2: Battery lifecycle governance mediates the relationship between electric mobility and 

sustainability performance. 

Battery chemistry, durability, production energy, mineral sourcing, reuse, recycling, and diagnostics determine 

whether EVs deliver long-term environmental benefits. China’s production ecosystem and Norway’s high-use 

market show different but complementary lifecycle governance needs. 

Proposition 3: EV transition generates socio-economic resilience when consumer adoption and 

industrial capability are jointly developed. 

Norway demonstrates demand transformation, while China demonstrates manufacturing ecosystem formation. 

A resilient transition requires both user acceptance and technological-industrial capacity. 

 

CONCLUSION 

  This article examined how Norway and China’s contrasting electric mobility models shape 

technological implementation and how engineering governance influences transport decarbonization, 

industrial innovation, sustainability performance, and socio-economic development. The analysis 

demonstrates that electric mobility transition is not simply a matter of replacing internal combustion vehicles 

with electric vehicles. It is a complex engineering-governance transformation involving batteries, charging 

infrastructure, electricity grids, digital platforms, industrial policy, consumer behavior, and lifecycle 

sustainability. 

  The main analytical finding is that Norway and China represent distinct but complementary 

pathways. Norway’s demand-side electrification model shows that coherent fiscal incentives, low-carbon 

electricity, charging infrastructure, and public legitimacy can move electric vehicles from niche adoption to 

near-total dominance in new passenger car sales. However, Norway now faces second-generation challenges: 

charging congestion, rural and apartment access, distribution-grid load, fiscal replacement, battery end-of-life 

governance, and integration with public transport. China’s integrated EV industrial ecosystem shows that 

manufacturing scale, battery innovation, domestic competition, infrastructure deployment, and digital 

platforms can transform both national mobility and global industrial competition. However, China faces 

sustainability challenges related to electricity mix, battery materials, regional infrastructure inequality, 

recycling, and market consolidation. 

  The theoretical contribution of the article is to conceptualize electric mobility as a governance-

mediated engineering system. The proposed model links electric mobility architecture, technological 

integration, user and industrial adoption, sustainability performance, and socio-economic resilience. This 

framework contributes to science and engineering scholarship by showing that EV performance depends not 



Copyright © 2025 by Author/s. This is an open access article distributed under the Creative Commons Attribution License which permits unrestricted use, distribution, 

and reproduction in any medium, provided the original work is properly cited. 
15 

   

 

only on battery efficiency or vehicle sales but on the alignment of electrochemical systems, infrastructure, 

electricity networks, digital governance, industrial capacity, and environmental policy. 

  The empirical contribution lies in comparing two leading but structurally different EV systems. 

Norway provides evidence from a high-adoption, low-carbon electricity, consumer-incentive model. China 

provides evidence from a manufacturing-scale, industrial-policy, battery-ecosystem model. Together, they 

demonstrate that electric mobility transition must be assessed through system integration rather than headline 

adoption metrics. 

  The engineering and technological governance implications are substantial. Governments should 

prioritize smart charging, battery recycling, charging interoperability, grid planning, cybersecurity, data 

governance, and lifecycle emissions accounting. Charging infrastructure should be evaluated not only by 

quantity but by reliability, utilization, spatial equity, payment interoperability, and grid responsiveness. 

Battery systems should be governed through durability standards, traceability, second-life applications, 

recycling capacity, and transparent state-of-health diagnostics. 

  The industrial and innovation policy implications are equally important. Electric mobility can 

support green industrial development, energy security, and technological competitiveness when linked to 

domestic capability formation. Norway should use its high-adoption market to develop expertise in charging 

services, battery reuse, grid integration, and post-incentive mobility governance. China should continue 

strengthening battery circularity, power-sector decarbonization, quality standards, and regional charging 

equity while managing market consolidation and material risks. 

  The sustainability and development implications are clear. Electric vehicles can reduce oil 

dependence, urban air pollution, and lifecycle emissions, but only when electricity systems decarbonize and 

battery supply chains become more circular. EV transition should also complement public transport, walking, 

cycling, compact urban planning, and shared mobility rather than reproduce car dependency under a different 

drivetrain. Sustainable electric mobility therefore requires transport-system transformation, not vehicle 

substitution alone. 

  The study has limitations. It relies on public reports, international datasets, and peer-reviewed 

literature rather than proprietary charging data, real-time grid-load data, or firm-level battery supply-chain 

datasets. Norway and China differ greatly in scale, governance, manufacturing capacity, and electricity 

systems, limiting direct quantitative equivalence. Future research should use high-resolution charging 

datasets, lifecycle assessment models, battery degradation data, distribution-grid simulations, consumer 

behavior panels, and comparative urban mobility studies. Additional cases such as the Netherlands, 

Germany, the United States, India, South Korea, and Chile could test whether the proposed model applies 

across different EV transition regimes. 

  The central conclusion is that electric mobility contributes to sustainable socio-economic 

development only when science, engineering, technological governance, and industrial strategy are 
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integrated. Norway demonstrates the power of coherent demand-side governance. China demonstrates the 

power of integrated industrial ecosystems. The future of sustainable transport will depend not merely on 

selling more electric vehicles, but on building intelligent, equitable, circular, and grid-integrated mobility 

systems. 
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